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2ABSTRACT
Mathematics learning is a kind of complex and
purposeful cognitive activity. During the process of
learning, cognitive skills usually occur one after the
other in some fixed patterns, which form cognitive
behavioral chains. For secondary school mathematics
learning, Cheng (1980) identified 13 cognitive behavioral
chains. This study is an extension of Cheng's work to
primary level. Ten cognitive behavioral chains in
primary level mathematics learning were identified and
analyzed.
In this study, the instrument employed to
describe the cognitive verbal behavior was the Cognitive
Verb List developed at the University of Pittsburgh.
With Flanders' system of interaction analysis as an
operational procedure, codes representing behavior of
verbal interaction in mathematics learning were recorded
by classroom observers.
Thirty-five mathematics lessons in the primary
levels were recorded. A part of the observed lessons was
used to predict the occurrence of the chains. In
prediction, Markov Chain Technique was employed to
identify 10 chains in primary mathematics learning.
Through direct observation from those remaining lessons,
the prediction was confirmed.
3Results also showed that few levels of cognitive
skills were used in primary mathematics learning. Only 4
levels were found in these chains and level 1 was found
in all of them. An analysis on these chains showed some
effective models of the teaching-learning process. It is
hoped that these findings together with that in Cheng's
(1980) may provide both a framework for understanding of
the teaching-learning process and some guidelines for
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The social forces at work in the classroom are so
complex that it looks on the surface as if any attempt to
analyze them would be extremely difficult. The teacher's
interaction with children, which is a portion of the
total social process, seems almost as difficult to
identify. With the development of the Flanders' system
of interaction analysis, verbal behaviors can be observed
with higher reliability. It becomes a tool that, if
properly employed, can be of great use to a teacher in
improving his role in guiding his pupils' learning.
Since learning is a kind of complex cognitive activity,
during the process of learning, various kinds of
cognitive skills have to be employed. These cognitive
skills are considered to be related in a hierarchical
structure which has different levels. In mathematics
learning, one cognitive behavior, such as recall,
iterate, or apply may cause the response of another
behavior which in turn may cause the third to occur, thus
forming a linear chain. Recent research (Cheng, 1980)
established that a number of cognitive behavioral chains
in mathematics learning do exist in secondary classes.
Purpose of the Study
Since Cheng's study was confined only to
secondary classes, the purpose of this study is to extend
Cheng's work to primary classes. The researcher wishes
to identify 10 cognitive behavioral chains used in
primary mathematics learning. After identifying these




Interaction analysis is a technique for capturing
quantitative and qualitative dimensions of teacher-pupil
verbal behavior in the classroom. The earliest
systematic studies of spontaneous pupil and teacher
behavior were those of H.H. Anderson (1939). In his
study, he assessed the integrative and dominative
behavior of teachers in their contacts with children.
His ideas and basic categories developed reliable
measures for recording in terms of dominative and
integrative behavior the contacts which teachers have
with children.
After Anderson started his work, Lippitt and
White working with Kurt Lewin (1939), carried out
laboratory experiments to analyze the effects of adult
leaders' influence on boys' group.
The pattern they named authoritarian leadership
was similar to Anderson's dominative contacts
democratic leadership consisted of irregular and
infrequent integrative contacts with a lack of adult
initiative that is seldom found in a classroom and was
not present in the Anderson studies.
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Most of the conclusions of the Lewin, Lippitt,
and White study confirmed or extended the general
conclusions of Anderson.
The above two studies aroused considerable
interest in the analysis of teacher behavior. Additional
research revealed minor variations of the central theme
they had established. Withall (1949) showed that a
simple classification of the teacher's verbal statements
into seven categories produced an index of teacher
behavior almost identical to the integrative-dominative
(I/D) ratio of Anderson. His result gave further support
that classroom climate could be assessed and described by
means of a category system.
In a large cross-sectional study, which did not
use observation of spontaneous teacher behavior, Cogan
(1956) administered a single paper-and-pencil instrument
to administrators, teachers and 987 eighth-grade students
in 33 classrooms. He analyzed the perception that
students had of their teachers in order to provide a
framework for conceptualizing teacher behavior as
inclusive, preclusive, or conjunctive. He found that
students reported doing more assigned and extra school
work when they perceived the teacher's behavior as
falling into the integrative pattern rather than the
dominative pattern.
Of all the recently developed systems for
analyzing the instructional process, Flanders' interaction
analysis was best known and most commonly used. Cogan's
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research along with the other researches presented in
this chapter provided Flanders with a theoretical basis
for conceptualizing the relationship between teacher
influence and the behavior and attitudes of pupils.
The Flanders' system of interaction analysis was
originally used as a research tool. It was employed by a
trained observer in order to collect reliable data
regarding classroom behavior as a part of a research
project and was concerned with verbal behavior only,
primarily because it could be observed with higher
reliability than could nonverbal behavior. The
assumption was made that the verbal behavior of an
individual was an adequate sample of his total behavior.
In this system, Flanders (1963) used a coding
which involves the numbers from 1 to 10 to record
classroom talk. Every three seconds the observer wrote
down the category number of the interaction he had just
observed. He recorded these numbers in sequence in a
column. The observer stopped classifying whenever
classroom activity was changed so that observing was
inappropriate. He would write approximately twenty
numbers per minute thus, at the end of a period. of time,
he would have several long columns of numbers.
He found the procedure workable in recording data
during class observation. Furthermore, his method of
recording data in a matrix provided a useful way to make
certain facts readily apparent. The generic name for
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studies of this type was interaction analysis, and
research done with interaction analysis systems was so
widespread in the USA and Britain and in Australia, New
Zealand, India and much of Western Europe) that many
people used classroom research and interaction
analysis interchangeably.
However, all these researches concerned
interaction patterns reflecting only climate of
classrooms, rarely did they reflect the cognitive
activities which occurred during learning. Thus some
recent researchers hoped to view classroom interaction
from a new angle---- the Cognitive Domain.
Cognitive Domain
The taxonomy of educational objectives in the
cognitive domain (Bloom 1956) had provided a starting
point for much research in the classification of learning
tasks on the basis of a hierarchy of cognitive skills.
The six levels classified by Bloom were Knowledge,
Comprehension, Application, Analysis, Synthesis and
Evaluation, and had often been utilised in the
classification of questions in many research studies.
Gagne (1965) recognized patterns of cognitive
behavior associated with different types of learning
tasks. He suggested a learning hierarchy based on
increasing complexity of cognitive behavior. This
hierarchy consisted of eight levels: Signal Learning,
Stimulus-Response Learning, Chaining, Verbal Association,
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Discrimination Learning, Concept Learning, Rule Learning
and Problem Solving the simpler types being the
pre-requisite states for learning tie more complex
types. He also emphasized the importance of choosing a
verb at an appropriate level in specifying educational
objectives.
Cheng (1977) recognized the use of the Cognitive
Verb List developed at the University of Pittsburgh in
cognitive skills analysis for learning. This verb list
consists of 41 verbs (27 verbs with 14 listed aside as
synonyms) arranged in nine levels to describe the kind of
cognitive activities expected in mathematics learning.
He saw the possibility of applying the Pittsburgh
cognitive verbs to describe the cognitive verbal behavior
in mathematics lessons. Furthermore, the Flanders'
system of interaction analysis provided an operational
procedure for classroom observers in using codes to
record behavior of verbal interaction. These two sources
suggested the feasibility of using a coding system from
the Cognitive Verb List to record the cognitive verbal
behavior in mathematics lessons.
In 1976 and 1977, Cheng used the Pittsburgh
Cognitive Verb List to investigate the cognitive nature
of verbal interaction in mathematics classes. His study
showed that the Cognitive Verb List was adequate to
describe the verbal cognitive skills in mathematics
lessons, and the categorization of the cognitive verbs
was clear enough to facilitate a coding procedure of the
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classroom cognitive behavior. Furthermore, his study
showed that the use of code numbers from 0 to 9 in making
records was simple enough and manageable for the
classroom observer, and the coding at an interval of
every 10 seconds was appropriate for the observer to
choose the appropriate codes. Namely his findings
supported the position that a code list of the cognitive
verbs could be used to record cognitive behavior of the
verbal interaction in mathematics lessons.
Making use of his own findings, Cheng {1979) in
another study showed that students tended to use a
comparatively few levels of cognitive skills in class.
In some cases, only three levels of skills were
recorded. Some high level skills like synthesizing and
evaluating were most likely to be absent in an average
lesson.
Later, in 1980, Cheng studied the cognitive
behavioral chains of verbal interaction in secondary
mathematics classes. In his research, the Pittsburgh
Cognitive Verb List was used in this investigation to
identify and analyze students' cognitive behaviors in 35
mathematics lessons. In the analysis, Markov Chain
Technique was used to predict the occurrence of 13
cognitive behavioral chains in learning. Through direct





Cognitive Verb List: This refers to the list of
verbs developed at the University of Pittsburgh. It
consists of 41 verbs used to describe cognitive behavior.
Cognitive level: Cognitive skills represented by
the cognitive verbs are considered to be related in a
hierarchical structure which has different levels.
Cognitive level code: The cognitive verbs are
identified by their level numbers which are called the
cognitive level code.
Cognitive hierarchy: In this study the cognitive
hierarchy refers to the nine level hierarchy as defined
by the Cognitive Verb List.
Cognitive level of a task: The cognitive level of
a task is the highest level of the set of all cognitive
skills used in the task at a defined time interval.
Cognitive Behavioral Chain: Cognitive behaviors
when recorded successively will be in a linear order and
appear as a chain. This chain is called a Cognitive
Behavioral Chain. In this research, the study is
confined to linear chains having 3 levels.
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Instrument
The Cognitive Verb List developed at the
University of Pittsburgh was employed in this study. The
researcher chose this instrument because this list was
specially designed to describe the kind of cognitive
activities expected in mathematics learning. The
instrument had been used successfully by Cheng (1980) in
his recent research on mathematics learning in secondary
schools.
The Cognitive Verb List consists of verbs used to
describe cognitive behavior. There are 27 verbs arranged
in nine different levels with 14 verbs listed aside as
the synonyms of some of them. Verbs in each level are
given below:
Level 9: Evaluate
L-evel 8: Prove, Test (Experiment), Design, Solve
Level 7: Hypothesize (Theorize), Synthesize
(Organize, Structure), Generalize
( Induce), Deduce
Level 6: Justify (Support), Explain (Interpret),
Analyze
Level 5: Apply, Relate, Convert (Translate),
Summarize (Abstract), Describe,
Symbolize
Level 4: Categorize (Classify, Group),
Illustrate (Exemplify)
Level 3: Compare, Substitute
Level 2: Iterate
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Level 1: Recall, Recognize, Repeat, Copy
(Imitate, Reproduce)
Level 0: No task, confusion in class or a task
which does not fall into the cognitive
domain.
Coders
Six experienced teacher supervisors were trained
to use the codes. After 10 hours training, their codings
of the same sampled lessons reached an acceptable degree
of agreement. They were then assigned the task of
observing and coding the mathematics lessons sampled for
this research.
Subjects and Samples
(1) Teachers: The teachers in this study were
student-teachers in a College of Education.
(2) Students: They were students of primary
schools to which student-teachers were posted for their
teaching practice.
(3) School types: This study included three types
of primary schools: Government, subsidized and private.
(4) Class levels: This study included classes
from primary 1 to primary 6 levels.
(5) No. of lessons: 35
The Research Method
The research was carried out by direct classroom
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observation. The observer sat t the back ref th(-!
classroom, made use of the Pittsburgh Cognitive Verb
List, and recorded the codes that represented the
cognitive tasks of the verbal interaction into a
recording form (Appendix I).
The observer started recording as soon as
teacher-pupil verbal interaction began. He would not
stop the recording until he had obtained at least 90
codes. Recording was suspended when there was no verbal
interaction occurring.
Thirty-five primary mathematics lessons, each
having at least 90 codes were coded, and the coding
procedure and ground rules which were designed by Chen.g
(1980) in his study of Cognitive Behavioral Chains in
Mathematics Learning were used.
The coding procedure and rules were as follows:
(1) Codes in numbers from 0 to 9 were to be used
in recording the expected cognitive tasks of the verbal
interaction in class at an interval of every 10 seconds.
The record of an observed lesson was a series of numbers
like 1-2-2-3--5-3-3-2-
(2) For various levels of pupils in primary
classes, the same cognitive task in mathematics might be
recorded in different codes. For instance, addition was
simply a level-2 task (iterate) for primary 5 pupils but
became a level-5 task (application) for primary 1 pupils.
Observer would enter the codes representing the
cognitive tasks of pupils in that class.
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( 3) If more tlian one cognitive skill appea red in
sequence in the ten-second time period, time observer
would record all of them in the same order as they
appeared.
(4) If there was a choice of two or inore codes
for the same act, the observer would record only the
highest code.
(5) The 0 code was used for no task or confusion.
(6) Records were made for a minimum of 15 minutes
in each observed lesson. The rationale for choosing the
recording time to be 15 minutes was that, at the primary
level, there are only 35 minutes in one period. In it
there was a substantial part set aside for doing
classwork.
An Illustrative Example Showing How Cognitive Activities
Were Transformed into Cognitive Verbs and then into Codes
Table 1 showed how cognitive activities in a
lesson of addition of fractions were transformed into
cognitive verbs and then into codes. The record was a
chain of numbers 1-1-2-5-. A cognitive behavioral
chain gave a record of the successive use of 3 cognitive
skills. For instance, a chain of behavior 1-1-2-2-2-5
formed a three-levelled cognitive behavioral chain which
was taken as a 1-2-5 chain. In this research, ten
cognitive behavioral chains were identified and analyzed.
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TABLE 1
ADDITION OF FRACTIONS, DIFFERENT DENOMINATORS
Task Description Maths. Operation (Cognitive Verb Code
calcul. + 1
addition of frac- recognize 1
tions
should find common' recall 1recall procedures
denominator firstof addition
calculate L.C.M. find L.C.M.= 4 iterate 2
change to fraction conver- convert 5
tion
write + substitution 3substitute
add numerators recall 1.recall procedures
of addition
add 1+ 2 iterateaddition 1+ 2= 3 2
write % substitution substitute 3
Treatment of Data
Selection
There were altogether 35 observation records,
each having at least 90 codes and appearing in a sequence.
From them, 25 lessons were randomly selected. They were
named as P1, P2, P3,......, P25 for prediction
purposes. Data of the remaining 10 lessons were named as
V1, V2,....., V10. They were used to validate the
prediction.
Analysis of Cognitive Levels used in 35 Lessons
From all the 35 lessons observed, the frequency
of occurrence of each cognitive level was found by
tallying and the result was presented by a frequency
table (Appendix II).
Prediction
Data of P1 to P25 were first treated as
follows:- (An illustrative example was given in Appendix
III)
(a) Step One: Construction of a transitional frequency
matrix
Changes of cognitive levels were studied by
constructing this transitional frequency matrix. To
construct this matrix, records of codes A-B-C-D...-E-F in
P1 to P25 were transformed to a series of ordered
pairs (A,B), (B,C), (C,D),...,(E,F). An ordered pair
(A,B) meant that a transition of cognitive levels from
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level A to level B was noted, where A, B were any integer
from 1 to 9 and A B.
After the transformation, a 9 x 9 matrix for
tallying (Appendix IV) was used to record the frequency of
these ordered pairs. The record of (A,B) was tallied
into the Ath column and Bth row of this matrix.
After tallying, the frequency of each element in the
matrix was found and entered into a transitional
frequency matrix (Appendix V).
The element in the Ath column and Bth row of
this transitional frequency matrix, denoted by F(A-B),
where A and B were any integer from 1 to 9, A B,
represented the frequency of occurrence that level A
occurred and transitted to level B.
The values in each column of this matrix were
added, forming the last row of this table. The element
in the Ath column of this last row, denoted by T(A),
where A was any integer from 1 to 9, represented the
frequency of occurrence that level A occurred and
transitted to other levels.
The above data after calculation were used to
complete the transitional frequency matrix in Table 2.
(b) Step Two
(i) Calculation of total frequency: Data in the
bottom row of the above transitional frequency
matrix were copied into the row frequency of
occurrence T(A) in the probability frequency












F (2-1) F (3-1) F (4-1) F (5-1) F (6-1) F (7-1) F (8-1) F (9-1)1
2 F (1-2) F (3-2) F (4-2) F (5-2) F (6-2) F (7-2) F (8-2) F (9-2)
3
F (1-3) F (2-3) F (4-3) F (5-3) F (6-3) F (7-3) F (8-3) F (9-3)
4 F (1-4) F (2-4) F (3-4) F (5-4) F (6-4) F (7-4) F (8-4) F (9-4)
5 F (1-5) F (2-5) F (3-5) F (4-5) F (6-5) F (7-5) F (8-5)
F (9-5)
6 F (1-6) F (2-6) F (3-6) F (4-6) F (5-6) F (7-6) F (8-6) F (9-6)
7 F (1-7) F (2-7) F (3-7) F (4-7) F (5-7) F (6-7) F (8-7) F (9-7)
8
F (1-8) F (2-8) F (3-8) F (4-8) F (5-8) F (6-8) F (7-8) F (9-8)
9 F (1-9) F (2-9) F (3-9) F (4-9) F (5-9) F (6-9) F (7-9) F (8-9)




was formed by N-T(l)+T(1)+T(3)+T(4)+`r(5)+'I'(6)+
T(7)+T(8)+T(9).
(ii) Construction of the probability frequency table:
For level 1, since its frequency of occurrence
was T(1) while the total frequency was N, the
probability that level 1 occurred and transitted
to other levels was denoted by P(l) and equal to
T(1)÷N. This value was entered into the 1st
column and last row of the probability frequency
table.
Using the same method of calculation, all values
of P(A), where A was an integer from 1 to 9,
were found and the probability frequency table
was constructed.
(c) Step Three: Construction of probability transitional
matrix
From Table 2, the frequency that level 1 occurred
and transitted to level 2 was F(l-2). The frequency that
level 1 occurred and transitted to all levels was T(l).
Therefore the probability that level 1 occurred and
transitted to level 2 was calculated by F(1-2) T(l).
This probability was denoted by P(1-2).
Using the same method of calculation, the
probability transitional matrix (Appendix VII) was
constructed. The element in the At11 column and Bth
row of this matrix was denoted by P(A-B) where A and B
were any integer from 1 to 9, A B, and represented the
probability that level A occurred and transitted to level
B.
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(d) Step Four: Prediction of cognitive behavioral. chains
From the probability frequency table and
the probability transitional matrix constructed, the
probability of occurrence of all cognitive behavioral
chains P(A- B- C) i n this study were predicted by the
Multiplication Law:
P(A-B-C)= P(A) x P(A-B) x P(B-C)
where P(A) denoted the probability of occurrence tha
level A occurred and transitted to other
levels. The value of P(A) was equal to
the element in the last row and Ath
column of the probability frequency table.
P(A-B) denoted the probability that level A
occurred and transitted to level B Iis
value was equal to the element in the
Ath column and Bth row of the
probability transitional matrix.
P(B-C) denoted the, probability that level B
occurred and transitted to level C. Iis
value was equal to the element in the
Bth column and Cth row of the
probability transitional matrix.
P(A-B-C) denoted the probability of occurrence of
three cognitive levels A, B, C happening
in a chain in the order of A first, B
followed and then C.
and A, B, C were any integer from 1 to 9, A B and B C.
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(e) Step 5: Identification of 10 cognitive behavioral
chains
After calculating the probabilities of occurrence
of all the cognitive behavioral chains, 10 chains having
the highest calculated probabilities were found and
listed according to their rank orders. They were the
chains identified and to be discussed in this study.
Validation
From the remaining 10 lessons V1,V2 V3,...,
V101 the respective frequency of actual occurrence of
each identified chain was tallied and its rank order in
the list found. The rank orders of this list and that
obtained in step 5 above were compared using Spearman's
rank order correlation method.
Reliability among Coders
To establish reliability among coders, Scott
formula was used. The six coders were asked to code the
same mathematics lesson which had been video taped.
Their agreement in using codes reflected the reliability
of their coding procedure. Such agreement was calculated
by the following formula
= the Scott coefficient
where Po= proportion of agreement in observation




Of the six coders in the team, a chief coder who
had over 25 years of teaching and supervision experience
in mathematics was appointed. The coding result of each
team member was compared with that of their chief coder
by calculating the Scott coefficient. Each coder was
said to be reliable if the Scott coefficient found w.%7as





Cognitive Levels used in 35 Lessons
TABLE 3
















1 2 7 94 5 6 83
118 26 9031 63 5 2 01
2 76 29 1 0
48 6 10 03 3 6 0
4 0 10 14 4 26 0 0
5 18 21106 14 13 0 0
55 306 6 7 3 03
941 1 2 3 7 0 0
11 2 1 03 0
1 0 00 0 00 0




















400 157 182 110 26
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Level 1 2 4 5 73 6 98
72 70frequency of 400 157 182 110 26 6 0
occurrence T(A)
.1075 .0059probability P(A) .3910 0
.0254.1535 .0704 .0684 .1779
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1 2 3 4 5 7 6 8 9
1 7510 3611 44291 4945 5727 1923 3333 0
2 3950 083 1429 1593 0636 1154 1667 0
3 1200 0193 0857 0549
0545 0769 0 0
4 0656 063 1389 0769 1000 0385 0 0
5 2650 1146 2917 2000 1182 4615 0 0
6 1375 0382 0972 0714 1648 1154 5000 0
7 0100 0064 0278 0429 0385 0818 0 0
8 0075 0064 0 0143 0110 0091 0 0













The 10 Cognitive Behavioral Chains having the Highest
Calculated Probabilities and Their Rank Orders
TABLE 7
COGNITIVE BEHAVIORAL CHAINS IDENTIFIED
13Y CALCULATION
Cognitive Behavioral Calculated Rank Order
Chains Probability
1- 2- 1 0.1161 1
1- 5- 1 0.0512 2
2- 1- 2 0.0456 3
5 - 1 - 2 0.0347 4
1- 6- 1 0.0308 5
2- 1- 5 0.0306 6
6- 1- 2 0.0243 7
5- 1- 5 0.0233 8
5- 2- 1 0.0213 9
1- 2- 5 0.0177 10
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The Frequency of Actual Occurrence of the 10 Cognitive
Behavioral Chains Obtained from the 1.0 Observed Lessons
Vl,V2,V3,...,V10 and Their Rank Orders
TABLE 8
ACTUAL OCCURRENCE OF COGNITIVE BEJ-IAVIORAL CHAINS
Cognitive Behavioral Frequency of Rank Order.
Chains Actual Occurrence
1- 2- 1 70 1
1- 5- 1 31 3
2- 1- 2 32 2
5- 1- 2 23 4
1- 5- l 13 6.5
2- 1-- 5 13 6.5
6- 1- 2 8 8
5- 1- 5 17 5
5- 2- 1 3 9
1- 2- 5 10
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Calculation of Spearman' s Coef f icient of Rank Order.
Correlation
TABLE
SPEARMAN' S RANK ORDER CORRELATION
Cognitive Behavioral Rank Order: Rank Order:
Chains Predicted Actual d2
OccurrenceOccurrence
1- 2- 1 1 1 0
11- 5- 1 2 1
2- 1- 2 3 2 1
5- 1- 2 4 0
1- 6- 1 5 6.5 2.25
2- 1- 5 6 6.5 0.25
6- 1- 2 7 8 1
5- 1- 5 8 5 9
5- 2- 1 9 9 0
1- 2- 5 10 10 0
Spearman's coefficient of rank order correlation
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Levels of Cognitive Skills used in the Observed
Mathematics Lessons
Table 3 showed the use of cognitive skills in the
observed 35 lessons. It showed that teachers and pupils
in primary mathematics classes used a comparatively few
levels of cognitive skills. Some high level skills like
evaluating or testing (levels 9 or 8) were most likely to
be absent in an average lesson. This finding coincides
with what Cheng found in his analysis of cognitive levels
used in secondary mathematics learning.
Cognitive Behavioral Chains Identified
In this study, the chains identified were 1-2-1,
1-5-1, 2-1-2, 5-1-2, 1-6-1, 2-1-5, 6-1-2, 5-1-5, 5-2-1,
1-2-5.
Validation of the Cognitive Behavioral Chains Found
The value of Spearman's coefficient of rank order
correlation obtained in Table 9 was 0.91, showing that
the result obtained was acceptable at 0.01 level. The
cognitive behavioral chains predicted were confirmed.
Cognitive Levels used in These Chains
From Table 7,'in the 10 chains identified,
(a) Only 4 cognitive levels were found. They were levels
1, 2, 5 and 6. The most frequently occurred levels
were 1, 2 and 5.
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(b) Cognitive level 1 was found in all these chains.
(c) From the chains identified, it was found that after
the occurrence of any cognitive level other than
level 1, it would usually transit to level 1 again
(except the two chains 5-2-i and 1-2-5 hich were
having rank orders 9 and 10 in the list). A
discussion with the coders gave the following
suggested explanation:-
In Hong Kong, primary education is compulsory.
Every child has to attend school at the age of
six. The ability range for a class of primary
pupils is usually very wide. In order to ensure
effective teaching, especially in the lower
primary levels, a teacher, after a cognitive task
has been achieved, usually asks his pupils to
repeat their classmates' work, to recognise
previously learnt figures or to recall the
prerequisites which will be necessary for the
coming learning tasks. For those pupils whose
abilities are low or of medium standard, this
measure is usually taken as a system to ensure
that pupils have understood the task learned and
got the required prerequisites to proceed to
another part of the lesson.
(d) Out of the 10 chains in the list, level 2 was found
in 7 of them. Discussion revealed that this task was
employed by teachers throughout the lesson as 1
feedback system. In a primary mathematics lesson,
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iteration was often used ass a feedback system for
checking pupils' achievement. After iteration, the
teacher often checked the results obtained by his
pupils. He then decided whether he should go on to
the next stage of his plan or stay in the present
stage to clarify what had just been learned in the
lesson. The occurrence of this level in the chain
indicated that employing this measure usually
resulted to a smooth teaching sequence.
Analysis of the 10 Cognitive Behavioral Chains Identified
Discussions were carried out with the coders.
With the practical examples supplied, the identified
chains were analyzed as follows:-
(a) CHAIN: 1- 2- 1
TASK DESCRIPTION: (RECALL, RECOGNISE)-(ITERATE)-
(REPEAT, COPY)
INTERPRETATION: This chain was found in nearly all
the mathematics lessons in primary
schools. In an arithmetic lesson,
a teacher often started the lesson
by mental drills. A question on a
flash card was shown briefly to
test pupils. The teacher usually
helped his pupils to "RECALL" and
"RECOGNISE" the type of question
given before "ITERATION" began.
After that, a checking of answer
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would follow. The correct answer
was often "REPEATED" or "COPIED" to
ensure it was recognised by all
pupils in the class and the chain
1-2-1 was formed.
This chain also often occurred
during revision or consolidation
periods. For consolidation, a
question involving the use of the
rules learned was set. To ensure
that his pupils would proceed
smoothly, the teacher often asked a
question which might help his
pupils to "RECALL" the rules
concerned. Pupils were then asked
to "ITERATE" this question. Their
answers were checked as a feedback
measure, and this solution was
usually "COPIED" by pupils in the
class.
The chain was also found in many
lessons where a rule like
distributive law or angle sum of
triangle was to be introduced
intuitively. To obtain data for
generalisation, a teacher usually
carried out simple experiements.
Definitions, names, instruments and
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prerequisites were first "RECALLED".
Then simple experiments involving
"ITERATION" would follow to obtain
the set of data required. These
data were usually reported and
"COPIED" on the blackboard, thus
forming the 1-2-1 chain again.
With the data systematically
arranged, mathematical rules were
often induced.
(b) CHAIN: 1- 5- 1
TASK DESCRIPTION: (RECALL)-(DESCRIBE)-(REPEAT) or
(RECALL)-(RELATE, APPLY, DESCRIBE)-
(REPEAT)
This chain was found in most of theINTERPRETATION:
lessons. In the lesson, usually
the teacher used some simple
questions or written statements on
the blackboard to start the lesson.
These helped his pupils to
"RECOGNISE" or "RECALL" what they
had learned in previous lessons.
The knowledge recalled were usually
definitions of terms, names of laws
or techniques of solving a problem.
After that, the teacher would
invite a pupil to "DESCRIBE" tie
laws or techniques involved. For
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the pupil who made correct
responses, the teacher usually
would give a positive
reinforcement, and then "REPEAT"
this description in a more
systematic manner. He might
request another pupil to repeat
this answer so as to ensure the
whole class got this required
prerequisite for the next part of
his plan. Thus the chain 1-5-1 was
formed.
This chain was also found in most
problem solving situations. During
problem solving, the teacher often
asked his pupils to "RECALL" a
formula which might be useful for
solving, this problem. Then, he
tried to see if pupils could
"RELATE" and "APPLY" this formula
to the present situation. From
class responses, a bright pupil was
asked to "DESCRIBE" how he applied
the formula and the method he was
going to do. The description was
often "REPEATED" to ensure that all
pupils understood the method of
application before iteration really
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began.
(c) CHAIN: 2- 1- 2
TASK DESCRIPTION: (ITERATE)-(RECOGNISE)-(ITERATE) or
(ITERATE)-( RECALL )-(ITERATE) or
(ITERATE)-( COPY )-(ITERATE)
INTERPRETATION: This chain was usually found in an
arithmatic or algebric lesson,
especially when the teacher was
giving a demonstration on the
blackboard or the pupils were
working on an expression step by
step on the blackboard during a
consolidation period. In this
situation, the teacher or pupil
often would "ITERATE" one step of
the whole process on the
blackboard. The working or result
obtained was "RECOGNISED" by the
pupils. If the iteration was
correct and pupils all agreed with
the results written on the
blackboard, the teacher would ask a
pupil to "ITERATE" the following
step again, thus forming the 2-1-2
chain. However, after iteration
and recognition, the teacher might
give his pupils a cue which
reminded them to "RECALL" the
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important points of the rule
involved in the next step of
iteration. Then to "ITERATE" on
the expression would form the chain
2-1-2 again.
On the other hand, after iteration,
if the pupil made mistakes in his
calculations, after "RECOGNITION"
of the errors made, the teacher
would ask his pupils to "RECALL"
the rules involved. Correction of
mistakes were made and pupils would
be told to "ITERATE" on the
expression again using the correct
rules employed.
Sometimes, after iteration, the
teacher might tell his pupils to
"COPY" down the examples shown on
the blackboard. Then a similar
problem or classwork would be given
to them for practising purposes,
forming the last element of the
chain, "ITERATION" again.
(d) CHAIN: 5- 1- 2
TASK DESCRIPTION: (TRANSLATE, SYMBOLIZE)-(COPY)-
(ITERATE) or
(DESCRIBE)-(COPY)-(ITERATE)
INTERPRETATION: This chain usually occurred when
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word problems expressed in Chinese
or English language were given. At
this stage, the pupils usually had
the ability of iteration if an
expression or equation was given in
mathematical language. A word
problem in primary levels was
usually quite simple. To solve it,
the first job of the teacher was to
guide his pupils to the
understanding of its meaning. They
would try to "TRANSLATE" or
"CONVERT" it into mathematical
language and form an expression
familiar to them. After that,
repetition or recognition of the
converted expression would often be
carried out. The expression
obtained was usually COPIED.
"ITERATION" would be carried out
accordingly.
In an algebric lesson, besides
translation, "SYMBOLISATION" was
often necessary to convert the
statements into algebric
expressions or equations. Then
"COPYING" and "ITERATION" would
follow to complete the chain 5-1-2.
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In addition to the above interpre-
tations, during consolidation or
revision periods, a question was
often set to the pupils. Before
asking pupils to attempt this
question, the teacher often invited
a pupil to describe the method he
would use. After description,
pupils would copy down the question
and do the necessary calculations.
(d) CHAIN: 1- 6- 1
TASK DESCRIPTION: (RECALL, RECOGNISE)-(JUSTIFY)-
(RECOGNISE)
INTERPRETATION: This chain occurred more frequently
when pupils' standard was high. It
was most frequently used when a
teacher wished to obtain feedback
whether his pupils understood the
rules taught in the lesson.
Usually, the teacher would set a
diagram or an expression on the
blackboard. Questions were asked
so that pupils might RECALL the
type of the questions given. The
next step involving the use of
rules was then given and pupils
were given the chance to show their
options. A pupil would usually be
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invited to give reasons to
"JUSTIFY" his "yes" or "no"
answers. The correct explanation
was RECOGNISED or sometimes even
repeated by his classmates. For
incorrect explanations given,
pupils would reject it and the
process of explanation and
recognition would start once more,
forming the chain 1.6-I again.
(f) CHAIN: 2- 1- 5
TASK DESCRIPTION: (ITERATE)-(RECOGNISE)-(DESCRIBE) or
(ITERATE)-( RECALL)-( APPLY)
INTERPRETATION: This chain was usually found in the
lessons when the teacher was giving
a demonstration on the blackboard
or the pupils were working on an
expression step by step on the
blackboard during a consolidation
stage. In this situation, the
teacher or pupil would often
"ITERATE" one step of the whole
process on the blackboard. Tze
working or results obtained was
"RECOGNISED" by the pupils. Then
the teacher would often ask a pupil
to "DESCRIBE" what his classmate
had done on the blackboard. This
41
enabled him to make sure that the
whole class understood the
procedures of work clearly. Thus,
the chain 2-1-5 was formed.
On the other hand, after iteration
and recognition, the teacher might
help his pupils to RECALL a rule
essential in the coming step. He
then tried to see if pupils could
APPLY this rule to solve the
problem.
(g) CHAIN: 6- 1- 2
TASK DESCRIPTION: (JUSTIFY)-(REPEAT)-(ITERATE) or
(EXPLAIN)-( COPY )-(ITERATE)
INTERPRETATION This chain was usually found when a
rule or concept was introduced.
After teaching, the teacher often
illustrated with a concrete
example. During this stage, he
would JUSTIFY his steps with
explanations. In order to make
sure his pupils could follow in the
lesson, he often asked his pupils
to "REPEAT" the main points
concerned. "ITERATION" as
practices would follow after
recognising pupils' correct
responses, thus forming the 6-1-2
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chain. Otherwise, he would loop to
the step of explanation and repeat
the procedures once more.
For higher primary levels such as
primary four to six, problems
solving might involve the task of
analysis. In this situation, the
teacher would lead a discussion and
ANALYZE the problem until his
pupils obtained a familiar
situation or mathematical
expression. Explanation and
interpretation were often involved
in this stage. Then the pupils
were told to COPY the expression
obtained and start ITERATION.
(h) CHAIN: 5- 1- 5
TASK DESCRIPTION: (SYMBOLIZE)-(RECALL)-(APPLY)
This chain was usually found in anINTERPRETATION:
arithmetic lesson where a simple
word problem was given. To solve
it, the first thing to do was to
"SYMBOLIZE" it to form a
mathematical expression. Then by
"RECALLING" the necessary rules
learned, pupils were often asked to
describe how these rules might be
"APPLIED" to solve the expression
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obtained. These formed the chain
5-1-5.
(i) CHAIN: 5- 2- 1
TASK DESCRIPTION: (DESCRIBE, APPLY)--(ITERATE)-
(RECOGNISE)
INTERPRETATION: This chain was found 3 times in the
10 observed lessons. Pupils'
standard was found to be high and
the teacher usually had confidence
in his pupils' abilities. In the
lesson, usually after a rule had
been learned, a problem would be
set that required an application of
this rule. Pupils were told to
DESCRIBE how this rule might be
APPLIED to solve the problem.
After that, they were told to
ITERA''E accordingly and their
results after calculations were
checked, thus forming the 5-2-1
chain.
(j) CHAIN: 1- 2- 5
TASK DESCRIPTION: (RECALL)-(ITERATE)-(DESCRIBE)
INTERPRETATION:
.This chain was usully found in the
revision part of a lesson. During
revision, the teacher often used
questioning or a short written
problem to start the lesson, hoping
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this might help his pupils to
"RECALL" the relevant previous
knowledge acquired. This previous
knowledge would include learned
theories or methods of calculation.
Then he usually invited a pupil to
ITERATE the sum set on the
blackboar: d. After this pupil had
finished his calculation, or had
finished one step of the whole
process, the teacher would. ask him
or his classmate to DESCRIBE the
method he had just employed, thus
forming the chain 1-2-5.
Reliability Among Coders
From Table 10, the values of the Scott
coefficient obtained for the chief coder with each of his
team members all exceeded the acceptable value 0.85,




LIMITATION OF THE STUDY
Owing to the difficulties involved in
supervisions, the number of lessons observed could not be
as large as I had hoped. The sample size was limited to
35. Furthermore this study was conducted in a few
selected schools which might not be a good representative
sample of the primary schools in Hong Kong. Thus the
findings in this study should not be read as a
generalized feature which can be applied to all primary




In this study, 10 cognitive behavioral chains in
primary mathematics learning were identified. They were
chains 1-2-1, 1-5-1, 2-1-2, 5-1-2, 1--6--1, 2-1-5, 6.1-2,
5-1-5, 5-2-1 and 1-2-5.
Results showed that few levels of cognitive
skills were used in primary mathematics learning. In
these chains, only four levels 1, 2, 5 and 6 were found
and level 1 was found in all. of them. An analysis of the
chains showed some effective models of the teaching-
learning process in primary mathematics lessons.
From the present study, the following are
suggested for future studies:-
(1) In many places, teacher-pupil interaction
came to a break in the classroom, and a "0"
code was recorded. This occurrence of "0"
code meant a break of at least 10 seconds in
the teacher-pupil cognitive verbal
interaction in the lesson. A possible reason
might be that the pupils were doing their
homework, or perhaps the teacher/pupil was
using an inappropriate cognitive task which
broke the communication chain. Finding the
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cause of such a break will. surely improve the
teaching effectiveness in mathematics
lessons. A suggestion on this investigation
may be by an analysis of the two codes
immediately preceeding the “0" code and then
verifying the findings by what actually
happened in the lesson.
(2) In order to analyze the chains found, coders
had to recall what actually happened during
the observed lessons. It would be easier and
more accurate for the coders to do this job
if the observed lessons were recorded on
tapes.
(3) Standard of pupils in a class may affect the
result of the chains found. Different
teaching methods used and different contents
taught may affect the occurrence of the
chains too.
(4) The findings in this study together with that
in Cheng's (1980) study may provided a
framework for a realistic understanding of
the teaching-learning process and some
guidelines for student-teachers. With these
included in the local teacher-training
programmes in mathematics, the teaching
effectiveness of student-teachers during
their practical teaching in mathematics
lessons may be improved.
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Method used in teaching
Student ability
*This form is designed by Mrs. Y.M. Shi, lecturer of
Mathematics Department, Grantham College of Education.
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APPENDIX II













AN ILLUSTRATIVE EXAMPLE PREDICTING THE OCCURRENCE
OF A COGNITIVE BEHAVIORAL CHAIN
(a) Record of Codes:
1-1-2-3-1-5-4-4-3-6-7-7-8-1
(b) Series of ordered pairs formed:
(1,2) (2,3) (3,1) (1,5) (5,4) (4,3) (3.6) (6,7) (7,8)
(8,1)
(c) Transitional Frequency Matrix formed:
FIRST LEVEL













Total 2 1 2 1 1 1 1 1 0
(d) The Probability Frequency Table
N = 2+1+2+1+1+1+1+1+0 = 10
P(A) = T(A) N
N = (10)
Level 2 6 71 3 4 5 8 9
1 2 1frequency of 2 1 1 1 01
occurrence T(A)
probability P(A) 1 0.2 0.2 0.1 0.1 0.10.10.1 0.1 0
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(f) Prediction of Cognitive Behavioral Chains
The occurrence of the cognitive behavioral chain 3-1-5 was
predicted by the calculation
The probabilities of all cognitive behavioral chains were
predicted in the same way.
2
P(3-1-5) = P(3) x P(3-1) x P(1-5)




A 9x9 MATRIX USED FOR TALLYING
FIRST LEVEL

















































THE PROBABILITY FREQUENCY TABLE
N=()
Level 1
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